Thermodynamic trends related to Crystal (or Ligand) Field Stabilization Energy (CFSE):
Consider the reaction between a hexa(aqua) metal 2 + ion and another ligand L in water:
but since [H 2 O] is a constant in water, this can be incorporated into the equilibrium constant:
and we can do this for each subsequent step:
K is called a 'stability constant' (also known as a 'formation constant' or 'binding constant') and it is defined stepwise for each sequential replacement of water by L: It is also possible to define an overall stability constant β for the complete substitution sequence: • statistical effect (more likely to displace one of six water than say one of three)
• changes in ligand binding caused by entering ligand effects
• decreasing charge on metal when the incoming ligand is negatively charged
• steric crowding effects
Determination of K n and β
In principle, any technique that allows determination of the concentrations of [M(L) n (H 2 O) 6-n ] can be used BUT it can be shown that you need n+2 independent concentrations to determine n stability constants K...assuming you know the starting concentrations [M(H 2 O) 6 ] and L, you need n more measurements.
Most common techniques:
•
UV-Vis spectroscopy
• redox potentials by electrochemistry
• pH titrations
